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REMARKS 

Claims 1-13 are pending in the present application. Claims 1, 2 and 6-13 are rejected, and 
claims 3-5 are objected to. Upon entry of the instant Amendment, claims 3 to 9, 1 1 and 12 will be 
pending, and claims 1 and 2 will be cancelled. 

Election/Restrictions 

The Applicants thank the Examiner for having examined the new group of species from 
claim 9 of "Sterilization process utilizing chemicals" and species listed in claim 10. 

Rejection under 35 USC IS 112 

Claim 9 is allegedly unclear under USC § 1 12, second paragraph, because of the term 
"alkylant". Although the Applicants consider that this term is known in the art, it is herein 
changed to read "alkylating" in order to accelerate prosecution. 

Claims 2 and 6 are rejected under 35 USC § 1 12, first paragraph. Claim 2 is cancelled, 
rendering this rejection moot. Claim 6 is herein amended to depend on claim 3 which now recites 
that the prion protein degradation indicator is transcribed by a gene naturally occurring in a 
fungus selected from the group consisting of Saccharomyces cerevisiae and Podospora anserine. 
Such was previously recited in claims 1 and 2. Support can be found throughout the 
specification, for example at page 3, lines 30-34, and page 5, lines 24-31. 

Applicants respectfiiUy submit that the classical definition of a prion, as shown in E. D. 
Ross et aL, Nature Cell Biology, 2005, 7(1 1): 1039-1044, does not include Ap protein. More 
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specifically, in the first sentence of the abstract, it is stated that prions are infectious proteins and 
are self-propagating, which is not the case of the Ap protein. Furthermore, Applicants submit 
that Ap protein, responsible for forming amyloid plaques in Alzheimer disease, is not found in 
fungi. Applicants respectfully submit that the identification of new prion proteins in fungi is not 
unpredictable and is supported in the application as filed. 

Rejection under 35 USC S 102 

Claims 1, 6, 7 and 9 are rejected under 35 U.S.C. 102(b) as being allegedly anticipated by 
Reichl. Claims 1 and 6 to 12 are rejected under 35 U.S.C. 102(b) as being allegedly anticipated by 
Safar et al The Examiner acknowledges that claims 3 to 5 would be allowable if rewritten in 
independent form, including all of the limitations of the base claim and any intervening claim. 

Claim 1 is cancelled herein purely in the interest of advancing prosecution. Claims 3 to 5 are 
rewritten in independent form, including all of the limitations of the base claim and any intervening 
claims. Claims 6 to 12 are dependent upon claim 3. Hence, all of the claims, including claims 6 to 
12 are patentable over Reichl and Safar et al 

Rejection under 35 USC S 103 

Claim 9 is rejected under 35 U.S.C. 103(a) as allegedly unpatentable over Safar e^^i/. in view 
ofFeldmane^ a/. Claims 9, 10 and 13 are rejected under 35 U.S.C. 103(a) as allegedly unpatentable 
over Safar et al in view of Dresdner Jr. et al The Examiner acknowledges that claims 3 to 5 would 
be allowable if rewritten in independent form, including all of the limitations of the base claim and 
any intervening claim. 

Claims 1 and 2 are cancelled herein, claims 3 to 5 are rewritten in an independent form, 
including all of the limitations of the base claim and any intervening claim, and claims 9, 10 and 13 
are dependent on claim 3. Applicants respectfully submit that the instant prion protein degradation 
indicator is conceived for clinical use in health institutions. The prior art describes indicators that are 
not transposable in health institutions, because they require use in either speciaUzed research 
laboratories or confined areas that are absolutely not available in a central sterilization room as found 
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in an hospital. Hence, Applicants submit that claims 9, 10 and 13 are neither taught nor suggested 
by Safar in view of Feldman et ah, nor by Safar in view of Dresdner. 

FEES 

No additional fees are believed to be necessary. However, if any additional fees are due, 
authorization is hereby given to charge Deposit Account No. 1 1-1 153 for any underpayment. 



CONCLUSION 

Applicants respectfully request entry of the foregoing amendments and remarks in the file 
history of the instant Application. Early and favorable action on the claims is earnestly solicited. 
If any issues may be resolved by telephone, the Examiner is invited to contact the undersigned at 
the telephone number provided below. 



Respectfully submitted, 
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Prion domains: sequences, structures and interactions 

Eric D. Ross, Allen Minton and Reed B. Wickner 

Mammalian and most fungal Infectious proteins (also known as prions) are self-propagating amyloid, a filamentous p-sheet 
structure. A prion domain determines the infectious properties of a protein by forming tfw core of the amyloid. We compare the 
properties of known prion domains and their interactions with the remainder of the protein and with chaperones. Ure2p and 
Sup35p, two yeast prion proteins, can still form prions when the prion domains are shuffled, indicating a parallel in-register 
p-sheet structure. 



In the decades since prions were proposed to be responsible for mamma- 
lian transmissible spongiform encephalopathies (TSEs, such as scrapie 
of sheep and Creutzfeldt-Jakob disease (CJD) of humans)' •^ significant 
progress has been made in understanding these diseases. However, 
investigation of de novo TSE generation is precluded by its rarity, and 
extraordinarily long incubation times make even studies of propaga- 
tion difficult. Prions of yeast and other fungi offer many experimental 
advantages in examining fundamental questions of prion biology and 
of the wider amyloid field. There are many excellent and comprehen- 
sive reviews of yeast and human prions*^; here, we focus on the prion 
domains of the amyloid-based prions. 

Amyloid is a filamentous protein form that is characterized by 
increased protease resistance, birefringence on staining with the dye 
Congo Red and a cross p-sheet structure (the p-strands run perpen- 
dicular to the long axis of the filaments). The five types of amyloid- 
based prions are: the mammalian TSEs; [URE3]» [PSl^] and [PIN^] of 
Saccharomyces cerevisiae, and [Het-s] ofPodospora anserim^-^^. These 
prions are based on self-propagating amyloid forms of the proteins PrP, 
Ure2, Sup35. Rnql and HET-s, respectively. PrP*^ or PrP-sen,the normal 
form of PrP, is a non-essential glycosylphosphatidylinositol-anchored 
cell-surface protein that, on formation of the prion form PrP^ or PrP-res 
in TSE-infected animals, becomes cytotoxic — specifically to cells pro- 
ducing PrP^. The precise aggregated form of PrP that is responsible for 
this cytotoxicity is unclear, and it may be distinct fi-om the heritable spe- 
cies". Ure2p is a soluble cytoplasmic negative regulator of enzymes and 
transporters that are needed for utilization of poor nitrogen sources'^. 
In its prion form, Ure2p is ineffective for nitrogen regulation, and the 
enzymes and transporters that arc needed for nitrogen regulation are 
inappropriately expressed*. Sup35p is a subunit of the translation ter- 
mination factor. In amyloid form, Sup35p is inactive and premature 
termination codons (nonsense mutations) are read through at higher 
than normal efficiency, allowing synthesis of the full-length protein'^ 

Eric. 0. Ross, Allen Minton and Reed B. Wickner are in the Laboratory of 
Biochemistry & Genetics, National Institute of Diabetes Digestive and Kidney 
Diseases. National Institutes of Health, Bethesda. MD 20892-0830, USA. 
£ric 0. Ross's present address is the Department of Biochemisry and Molecular 
Biology, Colorado State University, Ft. Collins. CO 80523, USA. 
e-mail: wicknerOheIix.nih.gov 



Rnqlp has no known cellular function, but it promotes formation of 
the [PSr] and [URE3) prions in its amyloid form**. HET-s is part of 
the heterokaryon incompatibility system of the filamentous fungus 
P. anserina, allowing converging colonies to distinguish self from non- 
self Interestingly, it only works properly if it is in the amyloid form, 
and so it is a prion that has a normal fiinction in the organism". One 
non-amyloid-based prion in yeast, called (P), is an enzyme that has an 
active form (the prion, in this case) that is necessary for activation of its 
inactive precursor, namely vacuolar protease B'*. A new potential prion 
in P. anserina, called [C], seems to be a self-activating mitogen-activated 
protein kinase kinase kinase^^. 

Therefore, a prion may either be am)doid- based or not, and the prion 
form may be toxic or the active form of the protein, or simply inactive 
for the normal function of the protein (Fig, 1). Amyloid-based prions 
have many common features at the molecular level, and are believed 
to be models for the widespread human amyloid diseases, such as 
Alzheimer's disease (Ap), Parkinson's disease (a-synuclein), type II 
diabetes (amylin/IAPP), amyotrophic lateral sclerosis (superoxide 
dismutase) and others. 

Three faces of a prion: propagation, induction and formation 

The known prions are chromosomally encoded proteins that can 
undergo a change such that the altered form has acquired the ability to 
change the imaltered form into the same altered form. Different experi- 
mental approaches measure different features of a prion protein or frag- 
ment thereof. Prion formation (or generation) is the ability of protein 
sequence A (possibly overproduced) to form a self-propagating prion by 
itself, independent of the ability of the prion to propagate to a protein of 
a different sequence. In a prion -induction experiment, a normal (A) or 
variant (A*) sequence is overexpressed, ideally transiently, in a strain that 
is constitutivdy expressing A, and the frequency of de novo generation 
of a prion of sequence A is measured. 

When a prion form of protein sequence A is introduced into a 
strain expressing only the mutant sequence A*, the formation of 
the prion in the recipient strain indicates that A* can propagate 
the prion from A. Inability to do so is analogous to a *species bar- 
rier*; for example, hamster scrapie cannot infect mice. These three 
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Four known prion types: 




Self-modifying (e.g. activating) enzyme 



Figure 1 Classification of prions into four types. Prions may t>e distinguished by 
whether they involve amyloid or not and what the effect of the prion form is on 
the host: toxic (transmissible spongiform encephalopathies, TSEs), simple tack 
of function (fURES], [PSM) or positive function for the cell ([Het-s]). Rnqlp 
function is unclear, so classification of [PIN"] is tentative. Green indicates the 
active form of the protein, whereas orange shows the inactive form. 

experimental approaches can give markedly different results, and in 
doing so shed light on the prion phenomenon. 

Prion domains 

For the TSEs. [URE3I, [PSI*] and [Het-s], a limited part of the corre- 
sponding protein is necessary and sufficient to transmit die prion in vivo 
and for amyloid formation in vifro'^"" (Fig. 2). For Ure2p, the remain- 
der of the molecule is the functional domain, whereas the remainder of 
Sup35p is composed of a highly charged middle region and the carboxy- 
terminal functional domain. The prion domains of PrP, Ure2p and of 
HET-s constitute the protease-resistant cores of the amyloids that are 
formed in vivo or in viYro'**^'-^^"^. Overproduction of the Ure2 or Sup35 
prion domain also induces the generation of new [UR£3] or [PSI*] pri- 
ons, respectively. Amyloid that is formed in vitro from a recombinant 
prion domain of HET-s^^, SupSSp"-** or Ure2p" is sufficient to infect 
the respective hosts with [Het-s], [PSr] or (URE3]. Attempts to gener- 
ate infectious recombinant PrP in vitro under *protein-only conditions 
have been met with limited success^'. 

Single amino-acid changes can block prion propagation 

Single amino-acid changes in the Sup35 prion domain can block prop- 
agation of the wild-type sequence of [P5/*]"-", but at least one such 



mutant Sup35p can also itself become a prion^^-^^ Similarly, infectious 
or spontaneous CJD is rarely observed in patients heterozygous for the 
polymorphic residue 129 of PrP, indicating a stringent requirement for 
sequence identity to support prion propagation^. Here again, PrP of 
either sequence can be a prion, but apparently neither can efficiendy add 
to the amyloid that is formed by the other. Similarly, the brains of scrapie- 
infected hamsters are not detectably infectious for mice (the species bar- 
rier ). This effect is a result of sequence differences between hamster and 
mouse PrP and is determined by a mere 5 residues in transgenic mice^' . 
However, in tissue culture infected with scrapie, a single residue (PrP 
138) is sufficient to determine this barrier^*. Expression of hamster PrP 
slows mouse scrapie^', and fragments of Ure2p can eliminate the [URE3] 
prion'"'. This interference with prion propagation by similar molecules 
resembles die poisoning of crystal growth by molecules similar to those 
being crystallized, a parallel which is extended below. 

Role of octapeptide repeats of Sup35p and PrP 

Both PrP and Sup35p have octapeptide repeats in their amino-terminal 
regions. The familial octapeptide repeat expansions of PrP were the first 
demonstrated genetic link of PrP with CJD*'. Deletion of the Sup35 
repeats impairs propagation of [PS/*^]" and inserting additional repeats 
increases tlie frequency with which [PSI*] arises, an interesting paral- 
lel with the mammalian system''^ The repeat domain also stabilizes an 
artificial polyQ-based prion^^ However, whereas the octapeptide repeats 
are within the prion domain of Sup35p", they can be deleted from PrP 
without preventing TSE propagation***. In addition, the PrP repeats 
are not within the region that becomes protease-resistant in P^P-res*^ 
Molecules of Sup35p that have one or several repeats deleted still interact 
widi die [PSI*] aggregates, but do not propagate that interaction well*^ ''^, 
perhaps because the aggregates are not efFiciendy divided to make new 
seeds (see ref 47 and below). 

Shuffled Ure2p prion domains all form amyloid and prions 

No single amino-acid changes have been shown to block (URE3] 
formation, although deletion of asparagine runs in the Ure2p prion 
domain markedly reduces prion-inducing ability**, and a combination 
of two amino-acid changes in the prion domain slighdy reduces prion- 
inducing abilit/'. To test whether there are any amino-acid sequence 
requirements for the Ure2p prion domain (residues 1-89), the sequence 
was randomized fleaving amino-acid content unchanged) and used to 
replace the normal prion domain in the chromosome. Unexpectedly, 
all five proteins with shuffled prion domains could be prions in vivo 
and form amyloid in vitro^\ A similar result was obtained for five shuf- 
fled Sup35 prion domains*'. This implies that, at least for the Ure2p 
and Sup35p prion domains, amino-acid composition and not amino- 
acid sequence determines prion and amyloid formation, and the repeat 
sequences are not needed for Hspl04 action. In these experiments, 
each shuffled molecule was allowed to form its own prions. These 
prion-formation experiments are in contrast to the prion-propagation 
experiments (see above) in which single amino-acid changes may block 
transmission of a prion from molecules having the normal sequence. 
Indeed, propagation of prions from one shuffled sequence to another 
or to the normal Ure2p sequence is inefficient*'. Amyloid filaments are 
like linear crystals: many different molecules can each form crystals, but 
usually crystals of one molecule will not readily incorporate a differ- 
ent molecule. However, not all amyloid structures can be randomized. 
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Figure 2 Prion domains. The prion-determining regions of Ure2p and 
Sup35p are Q/N-rich whereas Rnqlp is rich in N and Q residues through 
most of its length, the HET-s prion domain is C-terminal and not Q/N- 




V210I 
E200K 



2 4 5978 9 
Extra repeats 

rich, the Prp prion domain is less well-defined, but indues at least 
residues 90 - 144. Mutations in PrP causing inherited CJD are shown. 
GPI, glycosylphosphatidylinositol. 



Scrambling AplO-35 produces a peptide that does not form amyloid in 
vitro under conditions that allow amyloid formation by the unscram- 
bled peptide". 

Prion-forming ability of randomized sequences suggests parallel 
|5-sheet structure 

In an anti-parallel p-sheet or p-helix structure, it is generally non-identi- 
cal residues that are hydrogen -bonded with each other (Fig. 3). These 
must be in some sense either complementary (plus with minus charge, 
large with small) or similar (hydrophobic with another hydrophobic, 
hydrogen-bonding between side chains). Shuffling the sequence is likely 
to disrupt complementary pairs, hydrogen-bonding pairs or hydropho- 
bic pairs, and prevent prion formation. 

By contrast, an in-register parallel p-sheet has identical residues 
paired If the main Interaction is between identical residues, it should 
be relatively sequence-independent (Fig. 3). Pairing of charged residues 
would be unfavourable in an in-register parallel structure, but no worse 
in the shuffled sequence. The hydrogen-bonding between Q or N resi- 
dues (Perutz's *polar zipper***) would be preserved by shuffling a parallel 
structure, and hydrophobic residues would remain paired, but groups of 
hydrophobic residues would probably be broken up by shuffling either 
the parallel or anti-parallel structure. Therefore, a prion domain that is 
immune to shuffling is likely to be one with a parallel in-register p-sheel 
structure in the amyloid form. 

Corresponding experiments with PrP have not been performed because 
the spontaneous rate of prion formation is too low to be experimentally 
measured. However, a parallel p-sheet structure would also provide an 
explanation for the, often extremely stringent, requirement for sequence 
identity for transmission or propagation of prions. Prion propagation 
(and amyloid growth, in general) is highly specific, with other nearby 
proteins not being recruited into the filaments, which are actually rela- 
tively pure (linear) crystals. Whereas [PIN*] is an amyloid of Rnql that 
may, indeed, prime Sup35p or Ure2p polymerization to form [PSI*] or 
[URE3]'^'"-^, respectively, these are rare events. In strains with estab- 
lished [PSr] and [PIN*] prions, the Sup35p and Rnqlp aggregates fre- 
quently do not colocahze, indicating that the proteins form independent 



filaments". Furthermore, single amino-acid mutations can be sufficient 
to create a species barrier, which implies a parallel in-register structure, 
as the rough complementarity of an anti-parallel structure should be able 
to accommodate a single amino-add difference in -100 residues. Prion 
propagation therefore resembles crystal growth: similar but non-identical 
molecules can poison prion (or crystal) propagation. 

Indeed, oiu* proposal was stimulated by solid-state nuclear magnetic 
resonance (NMR) evidence of a parallel in-register p-sheet structure for 
am)doid filaments formed of Apl -40 (refs 57-59), and for a fragment of 
the Ure2 prion domain, residues 10-39 (ref 60). Electron paramagnetic 
resonance spectroscopy also supports a parallel p-sheet structure for islet 
am)doid polypeptide (LAPP, amylin) and for a-synuclein^'•*^ although 
designed peptides or firagments form antiparallel amyloids", and a paral- 
lel p-helix structure has been proposed for PrP^'= (ref 64). 

There is a variety of conflicting evidence regarding the structure of 
Sup35p amyloid filaments. X-ray diffraction studies of dried fibres of the 
prion domain suggest a cross-p structure**^. As discussed above, the fact 
that shuffling the Sup35 prion domain does not abrogate the abiUty to 
form prions indicates a parallel in-register p-sheet structure. Supporting 
this suggestion, a small peptide from Sup35p was recently shown by 
X-ray diffraction to form an in-register parallel p-sheet*'. By contrast, 
another study using pyrene- labelled Sup35p to probe the structure of 
filaments led the authors to propose a p-helix model with head-to- 
head and tail-to-tail contact between the monomers*^. However, such a 
model seems inconsistent with the observations of polar Sup35p amyloid 
fibres*'*^". Further, Sup35 fragments that lack the 'tail* region (residues 
91-106) can add to preexisting aggregates and deleting residues 98-1 1 2. 
including most of the tail, has no effect on [PSi*]*'-**. Clearly, further 
direct structural studies will be necessary to resolve these issues. 

Interactions of prion domains and the remainder of the molecule 

Deletions in the C-terminal functional parts of Ure2p result in a 100- 
fold increase in [URE3] prion formation, a result that we suggested 
reflects stabilization of the prion domain in the non-prion form by 
interaction with the remainder of the molecule". However, no interac- 
tions between the Ure2 prion domain and its C-terminal functional 
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Anti-parallel p-sheet or ^-helix 
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(VBonded partner unchanged by shuffle: 
envlroment may change 

Flgure3 Sequence-independent prion formation argues for parallel ^sheet 
structure, in an anti-paralle! p-sheet era p-heltx, hydrogen- bonded residues 
are nearly always different, but complementary (upper panel). Shuffling such 
a sequence should eliminate the complementarity and thus the ability to 
make the structure, tn a parallel in-register p-sheet, identical residues are 
paired (lower panel). Shuffling, in this case should have little impact on the 
ability to form this structure. Therefore, If a prion domain can be shuffled 
and generally remains able to form prions, it probably has a parallel in- 
register ^sheet structure. 

domain could be found by two-hybrid, surface plasmon resonance or 
protease experiments". Moreover, NMR studies indicate that the Ure2 
prion domain is largely unstructured in the native form''. Amyloid 
formation, which converts the prion domain from being unstructured 
to a tight p-sheet, does not inactivate fused enzymes" or prevent glu- 
tathione binding" or glutathione oxidase activity^* by the normal Ure2 
C -terminal domain. It is clear that filaments are rich in p-sheet''-"-'* 
and are formed by interactions between the N termini of different mol- 
ecules'**''-"'^. In summary, data to date argue against the interaction of 
prion domains and C-terminal domains. 

Similarly, deletions of the Sup35p functional domain result in > 1,000- 
fold increases in prion formation". In HET-s. a single amino-acid resi- 
due outside the amyloid-forming region can determine whether the 
protein forms a prion, and deletion of the part that does not form amy- 
loid increases prion and amyloid formation". The core of HET-s amy- 
loid (residues 21 8-289) includes a native unstructured region (residues 
228-298) and a structured segment (residues 2 1 8-227)". 

Mutations producing inherited CJD are scattered throughout the PrP 
molecule, but only a few of these (E200K, PIOIL, D178N) are known 
to be infectious for animals". The p-sheet part of PrP^ is estimated to 
include residues 90-120, which are xinstructured in PrP*^ (the normal 
form), and also (an as yet poorly defined) part of the structured part of 
PrP*^ (refs 79-81). 

Chaperone-catalysed disaggregation produces new prion seeds 

Whether in animals or fungi, the generation of a single amyloid filament 
could not become a disease or produce a phenotype unless the fdament 
was cleaved to form new growing ends to seed new filaments. Therefore, 
yeast prions require a critical concentration of the disaggregating chap- 
erone Hspl04 (refs 82-84), the function of which seems to be to break 



large filaments into many smaller ones, thereby producing seeds*•'"''^ 
Hspl04 cooperates with Hsp40 and Hsp70 chaperones". and these have 
ako been implicated in the prion propagation process"*'*"'^ Biochemical 
data suggesting that Hspl04 can, alone, disaggregate Sup35p amyloid'^ 
has recendy been contested'^ 

Mutations in the prion domain can critically affect the ability of the 
amyloid formed to be fragmented by the chaperone system. For exam- 
ple, Sup35A22-69, which lacks part of the Q-rich region and some of 
the octapeptide repeats, cannot easily propagate [PSl*] from normal 
Sup35p^. However, under selection conditions, it can be a prion itself'. 
Although this [P^r]"^"*'' is unstable compared with the usual [PStl it 
is stabilized by modest overexpression of Hspl04. which is accompanied 
by a decreased size of the Sup35A22-69 aggregates. Apparendy. amyloid 
of Sup35A22-€9 is less susceptible to fragmentation by the Hspl04 appa- 
ratus, and the resulting larger aggregates are less likely to be distributed 
to daughter cells. 

Replacing the Sup35p N/Q-rich octapeptide repeats with repeats 
found in the Sup35p of the yeasts Yarowia Upolytica and Debaryomyces 
hansenii produced proteins that could still become prions'*. Remarkably, 
neither prion required Hspl04 for its propagation. The authors suggest 
that die smaller amyloid fragments that are produced naturally by diese 
hybrid proteins may relieve the requirement for breaking up filaments 
by Hspl04 in vivo. Alternatively, they suggest that there maybe another 
Hsp 104- independent seed-cleavage system"*. 

The broader lesson from these studies is that the probability of an 
amyloidogenic protein becoming a prion may depend crucially on its 
interactions with chaperones. Relatively little is known about the effects 
of chaperones on mammalian prions, indicating that this will be an 
important area for future study. 

Prion strains and protein sequences 

Even with isogeruc hosts, mammalian prions with different character- 
istics can be recognized based on incubation times, symptoms and tis- 
sue distribution of spongiform change''. Strains also vary in the way in 
which they cross the species barrier. Extensive data now support the 
notion that different strains have distinct amyloid conformations in 
mammals and in yeast". Collinge has proposed that each PrP sequence 
can adopt a certain range of am>doid conformations, and that the species 
barrier is simply a reflection of the overlap or lack of overiap between the 
possible conformers of the PrP of the two species". Therefore, a prion 
strain that happens to represent a conformer that is common to the PrP 
of various species will have a lower species barrier. This seems to be the 
case for bovine spongiform encephalopathy. 

Why are so few amyloids infectious? 

In vitro amyloid formation is generally an autocatalysed phenomenon. 
The sigmoid shape of amyloid formed versus time shows this, as does 
the elimination of the sigmoid shape by seeding the reaction witf\ 
a small amount of the amyloid form. The in vitro autocatalysis and 
seeding indicate that the same phenomenon should occiur in disease 
states. However, attempts to show an infectious aspect to amyloid 
diseases has met with limited success except for the TSEs. 

One possible explanation is that the interaaions of the am)doid-form- 
ing protein with other cellular components alters its behaviour from that 
observed in the purified state. Interacting proteins might stabilize the 
native form and make conversion to amyloid energetically unfavourable. 
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Intra- and extra-cellular spaces are packed with macromolecules and 
molecular crowding effects can drive amyloid formation, as the amyloid 
occupies less space than the soluble form**". In yeast, various chaperones 
can either promote prion propagation and generation or eliminate prions. 
Their dominant role is probably not unique to yeast Amyloids may be 
degraded, but degradation intermediates of the normal protein might 
promote prion formation, as fragments of Ure2p, Sup35p and HET-s 
induce prion formation far more efficiently than the corresponding intact 
protein (see above). Prion propagation in any organism must require 
amyloid- filament fragmentation, a function that is carried out in yeast 
by Hspl04 and its cooperating chaperones. 

Although all of the above factors must influence amyloid accumu- 
lation, the intrinsic properties of the amyloid-forming protein must 
also affect the process. Some peptides are sufficiendy inclined to form 
amyloid that their mere production is the rate- limiting step, without 
the need for a seed. For others, the energy barrier to amyloid forma- 
tion may be sufficient that it will rarely occur without a seed Studies of 
prion domains have been central to unravelling the mysteries of prions 
and have shed new light on the many human amyloid diseases, some of 
which are widespread and growing in our ageing population. □ 
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